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(54) Wearable communication system 

(57) A portable data input or computer system 
includes an input/output device such as a keyboard and 
a display, another data input device such as an optical 
bar code scanner, and a data processor module. To 
scan bar code type indicia, the operator points the scan- 
ner at the bar code and triggers the scanner to read the 
indicia. All the system components are distributed on an 
operator's body and together form a personal area sys- 
tem (PAS). Components may include a scanner or 
imager, a wrist unit a headpiece including an eyepiece 
display, speaker and a microphone. Components within 
a particular PAS communicate with each other over a 
personal area network (PAN). Individual PASs may be 
combined into a network of PASs called a PAS cluster. 
PASs in a particular PAS cluster can communicate with 
each other over another wireless communication chan- 
nel. Individual PAS can gain access to a Local Area Net- 
work(LAN) and/or a Wide Area Network (WAN) via an 
access point. Individual PASs can use devices, such as 
servers and PCs situated either on the LAN or the WAN 
to retrieve and exchange information. Individual PAS 
components can provide automatic speech and image 
recognition. PAS components may also act a telephone, 



a pager, or any other communication device having 
access to a LAN or a WAN. Transmission of digitized 
voice and/or video data can be achieved over an Inter- 
net link. 
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Description 

Related Applications 

[0001] This application is a continuation-in-part of 
U.S. Application Serial No. 09/01 0,908 filed January 22, 
1998 which is a continuation-in-part of U.S. Application 
Serial No. 08/531,492 filed September 21, 1995 which 
is a continuation of U.S. Application Serial No. 0 
8/068,026 filed May 28, 1 993. This application is related 
to U.S. Application Serial No. 08/381 ,516 filed February 
1, 1995 which is incorporated herein by reference. 

Technical Field 

[0002] The present invention relates to a portable 
computer or data input system, typically including an 
optical scanner, or imager, wherein the system is incor- 
porated into a special utility harness resembling a tool 
belt or the like worn by the system operator. The present 
invention also relates to a portable data communication 
system, typically including an optical scanner, or 
imager, wherein the system is distributed on an opera- 
tors body and wherein system components communi- 
cate with each other over a wireless communication 
network. The present invention also relates to a porta- 
ble data communication system, typically including an 
optical scanner, or imager, being distributed on an oper- 
ator's body and capable of communicating with other 
devices over a Local Area Network or/and a Wide Area 
Network. 

Background Art 

[0003] Optical readers, such as bar code readers, 
are now common. Typically, a bar code comprises a 
series of encoded symbols, and each symbol consists 
of a series of light and dark regions, generally in the 
form of rectangles. The widths of the dark regions, the 
bars, and/or the widths of the light spaces between the 
bars indicate the encoded information. A bar code 
reader illuminates the code and senses light reflected 
from the code to detect the widths and spacings of the 
code symbols and derive the encoded data. 
[0004] Bar code reading type data input systems 
improve the efficiency and accuracy of data input for a 
wide variety of applications. The ease of data input in 
such systems facilitates more frequent and detailed 
data input, for example to provide efficient inventories, 
tracking of work in progress, etc. To achieve these 
advantages, however, users or employees must be will- 
ing to consistently use the bar code readers. Many 
applications require the operator to carry the bar code 
reader about as the operator moves from place to place 
and to operate the reader manually to scan codes 
appearing on different objects. The readers therefore 
must be easy and convenient to operate and carry. 
[0005] Many applications additionally require use of 



the bar code reader with other data input means, for 
example by incorporation of all the elements into a sin- 
gle integrated data input terminal. Such integrated sys- 
tems typically include a keyboard, for input of 

5 alphanumeric data which may or may not be related to 
bar code data, a central data processor unit having 
associated RAM and ROM, and a display. Integrated 
terminals of this type have been proposed which are 
small enough to be handheld (see e.g. U.S. Patents 

10 4,916,441 and 5,144,120). Such units incorporating so 
many different elements, however, tend to be larger 
than many dedicated bar code readers and cumber- 
some to operate as bar code readers, particularly for 
extended periods. Also, conventional integrated devices 

15 often require the operator to hold the device in one hand 
and operate the keyboard with the other. Such operation 
requires use of both hands and does not allow the user 
to perform other manual tasks at the same time. These 
problems, together with problems related to securing 

20 and carrying the integrated terminals when not in use, 
tend to discourage employees from using the data input 
system, thereby defeating the purpose of the system 
and particularly the advantages otherwise associated 
with bar code data entry. Similar problems exist in other 

25 types of portable computer or data devices. 

[0006] From the above discussion of the state of the 
art, it becomes clear that a need still exists to produce 
portable computer or data input terminal systems, par- 
ticularly ones incorporating an optical reader unit, which 

30 are particularly convenient to carry and operate. 

[0007] In addition, the need exists to economically 
distribute the elements of the data input terminal system 
on an operator's body. 

[0008] The need also exists to wirelessly intercon- 
35 nect the different elements of the system on the opera- 
tor's body. 

[0009] Once the system consisting of different com- 
ponents has been incorporated to be worn on the oper- 
ator's body, the need arises to be able to connect one 

40 operator with another operator having a similar system 
via a wireless communication channel. 
[0010] In addition, the need arises to provide addi- 
tional functionality to the operator, by interconnecting 
his system with a local area network(LAN), such as an 

45 Ethernet, and/or wide area network (WAN), such as an 
internet. 

[0011] The need also exists for a miniature voice 
communication system for enabling voice communica- 
tion over a specified protocol, such as an Internet proto- 
50 col, the system having voice recognition capabilities for 
hands free operation. 

[001 2] The need also exists to enable data transfers 
between the devices which are part of the personal area 
system and the devices attached to LAN or WAN. 
55 [0013] The need also exists to enable voice and 
video data transfers between the elements of the per- 
sonal area system and the devices attached to the LAN 
or WAN. 
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[0014] The need also exists to enable automatic 
voice recognition of the user commands made during 
the indicia reading operation of the personal area sys- 
tem. 

Summary of the Invention 

[0015] The present invention addresses the above 
problems and needs through the design of a portable 
computer system with some of the system components 
incorporated into an item of personal wear, for example 
into a work or utility harness such as tool belt. 
[0016] The harness has a number of separate 
means for supporting objects to be carried by the 
wearer. The support means may be fasteners attached 
to the harness, for example Velcro™ tabs. In the pre- 
ferred embodiment, the support means are pockets 
sewn in the harness in the form of a belt. In this embod- 
iment, a module containing the data processor is 
secured in one of the pockets, for example by Velcro™ 
strips. One or more data input devices are carried in 
other pockets of the belt. In the preferred embodiment, 
the data input devices include a keyboard and an optical 
reading unit for reading optically encoded indicia. 
[0017] As used in this specification and in the 
appended claims, the term "indicia" broadly encom- 
passes not only symbol patterns composed of alternat- 
ing bars and spaces of various widths commonly 
referred to as bar code symbols, but also other one or 
two dimensional graphic patterns, as well as alphanu- 
meric characters. In general, the term "indicia" may 
apply to any type of pattern or information which may be 
recognized or identified by scanning energy across it- 
and detecting reflected or scattered energy as a repre- 
sentation of variations in energy reflectivity at various 
points of the pattern or information. A bar code is one 
example of "indicia" which the present invention can 
scan, preferably by using an optical reading unit in the 
form of a small moving spot laser beam scanner. An 
optical scanner can also be in the form of a solid state 
imaging device, such as a one-dimensional or two- 
dimensional CCD, or CMOS, scanners or imagers. 
Radio Frequency tags also represent a type of indicia 
carrying components which are interrogated using an 
RF interrogation scanner RF scanners can be used in 
point-of-sale transactions and in electronic article sur- 
veillance (EAS) systems. For the purpose of the follow- 
ing discussion an indicia type can mean anyone of the 
different information crying environments, and a scan- 
ner can mean any one of the corresponding indicia 
reading devices. 

[0018] The keyboard permits single handed opera- 
tion in the pocket (by placing the hand in the same 
pocket); but the keyboard can be removed, held in one 
hand and operated by the other hand. The keyboard 
contains a limited key set, however, the keyboard is pro- 
grammable or trainable for specific operations and 
allows "chord"-ing of key activations to increase the 



functionality of the limited key set. 
[0019] One or more batteries contained in pockets 
or otherwise supported on the belt provide all operating 
power for the system. Preferably, the batteries are 

5 rechargeable. Flexible cables or conductors carry the 
power from the batteries and carry all signals going to 
and from the various system components. The cables 
carrying the signals may be electrical cables or optical 
fibers. The cables or conductors may be sewn into 

10 channels in the belt or woven into the fabric of the belt if 
not leather. The cables to the optical reading unit and 
the keyboard have sufficient length to allow the operator 
to remove those units from the holstered positions in the 
respective pockets during use. 

15 [0020] The portable data system also includes data 
output means carried by the belt. These output means 
might provide a perceptible indication of data to an 
operator wearing the belt, and might also permit data 
communication to a host computer system. 

20 [0021] The preferred embodiment uses a flip-up 
display structure as one means for outputting data from 
the processor module. More specifically, the central 
processor unit is contained in a module secured on the 
belt, for example in a pocket on the front of the belt, or a 

25 vertical shoulder strap of a work harness. A hinge mov- 
ably attaches the display to the module housing. In one 
position, the display is retracted or pivoted out of the 
way. In another position, however, the display extends 
out from the module housing so that data shown on the 

30 display is visible to the operator. In this hinged configu- 
ration, the display may be attached to a flap or fold of 
the pocket. A microswitch may be used to control dis- 
play power so that display power is off what the display 
is in the retracted position, and display power is on 

35 when the display is positioned for viewing of data by the 
operator. While the invention contemplates using many 
different display technologies, the preferred embodi- 
ment of the invention discloses the use of flat panel dis- 
plays. 

40 [0022] A connector and/or cabling can be used as 
another output means to facilitate connection of the 
data processor to a host computer for communication of 
data therebetween. In another embodiment, the porta- 
ble computer includes a wireless transceiver for use in a 

45 communications system having at least one base/data 
transfer station for receiving data from a plurality of port- 
able computers. The base/data transfer station then 
sends the data from the portable computer to a central 
processing unit or host computer. 

so [0023] The invention is also directed at a new ergo- 
nomic allocation of scanning system components on an 
operator's body. The scanning system comprises a 
scanning unit and a computer for processing data. The 
computer includes a CPU and input/output ports, such 

55 as keyboard and a display. The computer can be further 
broken up into a CPU unit and an input/output unit. In 
such an embodiment the distributed system includes a 
CPU unit, an input/output (I/O) unit and a scanning unit. 
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The scanner can be a hand-held or a wearable scanner, 
such as a ring scanner manufactured by Symbol Tech- 
nologies, the assignee of the present invention. The ring 
scanner can communicate with the I/O unit over a wired 
cable or a wireless channel. The wireless channel could 5 
be an RF or and infrared channel. 
[0024] A bar code scanner, a wrist unit and a CPU 
unit can be distributed on an operator's body in such a 
way as to minimize fatigue and to enhance ergonomic 
usefulness of the overall system. In addition to the three 10 
components listed above, the system may also include 
additional peripheral components, such as a printer, a 
magnetic-stripe reader, heads-up display, tactile gauge- 
sensor or any other needed devices. The individual 
components communicate with each other using a wire- 15 
less communication channel, preferably a short range 
communication channel. This wireless connectivity can 
be achieved via a short range local network, often called 
a Personal Area Network (PAN). The communication 
channel can be, but is not limited to, a radio frequency 20 
(RF), an infra-red (IR), or an acoustic communication 
channel. Thus, communication with the bar code scan- 
ner is established via a bi-directional or a uni-directional 
wireless link. In case this link is bi-directional, the bar 
code scanner includes a transmitter and a receiver. In 25 
case this link is uni-directional, the bar code scanner 
includes only a transmitter. In certain configurations, the 
wrist unit and the CPU unit may be combined into a sin- 
gle unit called a controller. The components distributed 
on an operator's body form a network called a Personal 30 
Area System (PAS). The PAS components communi- 
cate over a Personal Area Network (PAN). 
[0025] Individual PASs may be combined into a net- 
work of PASs called a PAS cluster. PASs in a particular 
PAS cluster can communicate with each other over a 35 
medium or a long range wireless communication chan- 
nel, such as a Spectrum24 communication channel. 
[0026] Regardless of the embodiment, individual 
PAS gains access to a Local Area Network (LAN) such 
as an Ethernet, and/or a Wide Area Network (WAN), 40 
such as an Internet, via an access point. Individual 
PASs can use devices, such as servers and PCs situ- 
ated either on the LAN or the WAN to retrieve and 
exchange information. Communication between the 
PASs and the access point is carried out using a wire- 45 
less communication protocol. An embodiment is dis- 
closed where individual PAS components provide 
automatic speech recognition. PAS components may 
also act a telephone, a pager, or any other communica- 
tion device having access to a LAN or a WAN. Transmis- 50 
sion of digitized voice and/or video data over an Internet 
link is also disclosed. 

[0027] The invention also contemplates a miniature 
voice over IP (Internet Protocol) communication module 
capable of being designed into a headset unit having a 55 
speaker and a microphone. Alternatively, the module 
can be designed to be carried on other parts of the 
user's body for better ergonomic allocation of the user 



worn devices. The module is connected to another sys- 
tem component located either on the user's body, or a 
server located on a network, for voice recognition of 
user's commands. Thus, by providing voice recognition 
capabilities to a voice-over-IP communication module, 
the system allows for virtually hands free operation of 
the phone module for communication purposes. 
[0028] Additional objects, advantages and novel 
features of the invention will be set forth in part in the 
description which follows, and in part will become 
apparent to those skilled in the art upon examination of 
the following or may be learned by practice of the inven- 
tion. The objects and advantages of the invention may 
be realized and attained by means of the instrumentali- 
ties and combinations particularly pointed out in the 
claims. 

Brief Description of Drawings 
[0029] 

Figure 1 is a front view of a first embodiment of the 
invention as fitted to a human user. 

Figure 2A is a detailed front view of the belt of the 
preferred embodiment. 

Figure 2B is a left hand view of the belt of the pre- 
ferred embodiment showing the mounting of sys- 
tem components. 

Figure 3 is a simplified electrical block diagram of 
the scanner and terminal system components used 
in the present invention. 

Figure 4 is a plan view of a touch sensitive key- 
board, set up for right handed operation, as could 
be used in the data system illustrated in Figures 1 
to 3. 

Figures 5a, 5b, 5c and 5d are front, side, top and 
back views, respectively, of the module which 
includes a central processor and a display. 

Figure 6 is a simplified electrical block diagram of a 
voice activation system for the scanner. 

Figure 7 is a representation of a communication 
system between individual scanner/data proces- 
sors and a host computer. 

Figure 8 is a block diagram of a distributed scan- 
ning system. 

Figures 9 a-h are various embodiments of the wrist 
I/O unit. 

Figures 10 a-h are various views of the Belt CPU 
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unit. 

Figure 11 is a block diagram of a personal area sys- 
tem according to the invention. 

5 

Figure 12 is a block diagram of one embodiment of 
a cluster of personal area systems according to the 
present invention. 

Figure 1 3 is a block diagram of an alternate embod- 10 
iment of a cluster of personal area systems of the 
present invention. 

Figure 1 4 is a block diagram of a Multilevel network 
model including a cluster of personal area systems 15 
of the present invention. 

Figure 1 5 is an alternate embodiment of a personal 
area system of the present invention. 

20 

Figure 1 6 is an embodiment of an optical trigger for 
triggering a scanner or an imager of the present 
invention. 

Figure 1 7 is an embodiment of a scanner integrated 25 
into a wrist unit and triggered by a wireless trigger. 



Preferred Embodiment Of The Invention 

[0030] A portable data system includes a work or 30 
utility harness such as a tool belt, which is worn by the 
system operator. Usually the harness is worn on the 
upper portion of the body for easy access. In the exam- 
ple illustrated in Fig. 1, the harness is in the form of a 
large belt, similar to that used for holding tools or other 35 
equipment. Harness 1 0 contains a number of pockets or 
other fittings suitable for holding system components. 
However, the harness is not limited to a belt with pock- 
ets, and can include vertical shoulder straps (not 
shown) and a horizontal chest strap (not shown). While 40 
the harness is shown with pockets, other structures can 
be included to hold the system components, for exam- 
ple, large pouches, straps or rings. Whereas tool belts 
and other such utility harnesses are normally made of 
leather, the harness of the present invention can be 45 
made of any suitable material such as grip-stop nylon. 
[0031] As shown in Fig. 2A, the belt has, for exam- 
ple, six pockets which serve as support means for car- 
rying the various electrical components of the system, 
and other objects if desired. One pocket carries a mod- so 
ule comprising the processor. The module is secured in 
pocket 21 in a manner to be described in more detail 
later with regard to Figs. 5B-5D. Another pocket 27 car- 
ries an optical reading unit or scanner, for example, to 
read bar codes or the like; and pocket 23 carries a touch 55 
sensitive keyboard used for alphanumeric data input 
and the like. A pocket 50 in the center of the harness at 
the approximate location of a normal belt buckle, carries 



a flip-down display 22 as shown in Fig. 2B. The display 
is mounted in a manner discussed in more detail with 
regard to Figs. 5B and 5D. In the preferred embodiment 
the invention uses a flat panel type display. Flat panel 
displays include emitting and non-emitting type dis- 
plays. The emitting type displays include, but are not 
limited to, field emitter diode (FED) displays and light 
emitting diode (LED) displays such as Organic LED. 
The non-emitting type displays include, but are not lim- 
ited to, liquid crystal displays (LCD). LCDs can further 
be divided into active matrix displays and passive matrix 
displays. An example of an active matrix display is a 
plasma addressed display. An example of passive 
matrix display is a polymer display. 
[0032] The pockets 22 and 23 may have buttons, 
snaps, Velcro™ fasteners or the like to firmly close them 
and thereby secure the components inside. Pockets 29 
each carry rechargeable batteries for supplying power 
to the electrical components of the data system. The 
battery pockets can include closure means or fasteners 
similar to those used on the other pockets. Additional 
pockets can be provided to allow the operator to carry 
other items as desired. 

[0033] The precise layout of the pockets in the 
embodiment of Figures 1 and 2 is illustrative only, and 
other pocket arrangements may be used for comfort 
and convenience of different operators and/or to facili- 
tate particular data input operations. Also, other support 
means may be used in place of one or more of the pock- 
ets. For example, detachable listeners (e.g., Velcro™ or 
snaps) may be used which would directly attach one or 
more of the electrical components directly to the har- 
ness. 

[0034] Figure 3 illustrates in much simplified form 
the electrical components of the data system. As 
shown, the system includes a microprocessor based 
data processor 31 having a central processor unit 
(CPU), a random access memory (RAM) for storing 
data, a read only memory (ROM) for storing fixed pro- 
gramming data, etc. As such, the data processor 31 
may consist of elements similar to those found, for 
example, in a 16-bit handheld or laptop type personal 
computer. Cable connections 32 are provided for the 
various signal communications between the data proc- 
essor unit 31 and the keyboard 33, the liquid crystal 
type display (LCD) 35 and the optical scanner 37. A bat- 
tery system 39 provides power to the data processor 31 , 
the keyboard 33, the liquid crystal type display 35 and 
the optical scanner 37. The system may use a single 
battery pack in one pocket or two battery packs in two 
pockets (Figure 2A), as necessary to provide adequate 
power for the specific system components to operate for 
a desired time. 

[0035] To provide a data link to an external host 
computer, the data processor 31 will connect to a 
"COM" port on the exterior of the module housing (see 
Figure 5D). The COM port could be a serial or parallel 
type data port of a standard configuration. 
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[0036] Figures 5A to 5D show, as the main unit of 
the system, the processor and display module 50. The 
module 50 has a housing 51 which contains the data 
processor 31 and various associated interface circuitry. 
The module 50 also includes the LCD type data display 
device 35 attached to the housing 51 by a movable sup- 
port structure, such as a hinge 59. The operator folds 
the display 35 when not in use up against the module 
housing 51 , and a clasp 57 fastens it in a retracted out 
of the way position. The operator pulls the display 35 
into a use position, out to an angle approximately verti- 
cal with respect to the module housing (see Figure- 2). 
The LCD components of the display 35 provide visible 
information output on the upper surface of the display, 
when so positioned. The operator can tilt his or her head 
down slightly, look down at the LCD 35 and read the dis- 
played information. The top view of module 50 with the 
display open, as shown in Figure 5C, essentially illus- 
trates the operator's view of the processor and display 
module when looking down to read data visible on dis- 
play 35. The display can be attached to a flap of the 
pocket by Velcro™ or the like, or it can fold out through 
an opening in the front wall of the pocket. 
[0037] The module 50 also includes a microswitch 
(not shown) located so as to be sensitive to the position 
of the LCD display panel 35. When the display is in the 
dosed or retracted position flush against the housing 51 , 
the microswitch cuts off power to the display 35. When 
the display 35 is folded down so that data shown ther- 
eon is visible to the system operator wearing the har- 
ness, the microswitch completes the necessary circuit 
to supply power from the battery system 39 to the dis- 
play 35. 

[0038] Velcro™ strips 53 are attached to the rear 
surface of the module 50 (Figures 5B and 5D), and woo- 
len strips (not shown) are attached at corresponding 
locations on the rear wall of the pocket. When the mod- 
ule 50 is holstered in the pocket 21, the Velcro™ and 
woolen strips secure that module in the belt pocket. 
Alternatively, the Velcro™ and woolen snips may be 
used to support the module 50 on the belt material with- 
out any use of a pocket. 

[0039] As shown in Figure 5D, the housing 51 has a 
connection panel 61 formed in the lower back section 
thereof. The panel 61 includes a power connection 
"PWR" to which conductors carrying power from the 
battery system 39 are connected. Flexible cables from 
the keyboard 33 would connect to the "KYB" connector 
in panel 61, flexible cables from the optical scanner 37 
connect to the "SCAN" connector. 
[0040] Flexible cables (not shown) attached to or 
incorporated into the harness form the connections 22 
for carrying the signals between the module 50 and the 
keyboard pocket 23 and the optical scanner pocket 27. 
Similarly, flexible cables carry power from the battery 
system pockets 39 to the data processor pocket 31 and 
display 28 in module 50 and to the keyboard 33 and the 
optical scanner 37. The flexible cables may take the 



form of wires or leads sewn into channels formed in the 
harness 1 0 or may take the form of electrical conductors 
woven into the harness fabric. 

[0041] The panel 61 (Figure 5D) also includes a 

5 "COM" terminal or port. This terminal permits connec- 
tion of the data processor in module 50 to a communi- 
cation device. For example, a cable connection from the 
COM terminal to a host computer system may provide 
for downloading data from the portable system to the 

w host and or programming the portable system from the 
host. The cable from the host may be connected directly 
to the "COM" terminal on the module 50 by temporarily 
running a cable from the host into the pocket 21, or by 
removing the module from the pocket and making the 

15 necessary attachment. 

[0042] Alternatively, the harness may include 
another flexible cable woven into the belt fabric or sewn 
into a channel in the harness essentially providing an 
extension of the "COM" terminal to a more convenient 

20 external point on the harness. The host computer would 
be connected to that external point, and the flexible 
cable would provide a link through the belt to the "COM" 
connection on the module for carrying data signals 
between the external host computer and the data proc- 

25 essor31. 

[0043] The system might also include a wireless 
transceiver 38 (e.g. infrared or radio frequency) shown 
in phantom in Figure 3. The wireless transceiver would 
connect via flexible cable to the COM terminal or port 

30 and would permit two way data communication between 
the data processor 31 and an external host computer 
system while the operator is wearing the harness and 
moving about to collect bar code data and/or inputting 
alphanumeric data. 

35 [0044] In a preferred embodiment using wireless 
transmission, the wireless transceiver is a spread spec- 
trum type radio transceiver contained in a separate 
module. The transceiver module includes shielding to 
prevent interference and is carried in another pocket of 

40 the harness. This embodiment of the system also 
includes a flexible RF antenna (not shown) connected to 
the spread spectrum transceiver. The antenna may be 
sewn on or woven into the fabric of the back portion of 
the harness. 

45 [0045] Figure 7 depicts a communications system 
in which the harness of the present invention is used to 
hold a portable data system having a wireless trans- 
ceiver. An operator 806 carries the harness of the 
present invention supporting a portable data system 

50 including a handheld scanner. The portable data sys- 
tem is connected to a base/data transfer station 808 via 
a wireless link Base/data transfer station 808 in turn is 
connected via the wireless link to an external host com- 
puter 810. Other base/data transfer stations such as 

55 804 can be provided throughout a working space for 
communication with other operators such as 802 with a 
portable data system including data keypad carried on a 
vest, such as described in co-pending application to 
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Gary G. Little, filed on even date herewith for 'Computer 
And/Or Scanner System Incorporated Into A Garment'. 
[0046] The base/data transfer stations can be 
equipped to receive data from the portable data sys- 
tems carried by operators 802, 806, and to transmit the 
data to host computer 810. In the alternative, the 
base/data transfer stations can be equipped to commu- 
nicate instructions or other data to the users of the port- 
able data systems, and to receive data or instructions 
from the host computer 810. Further, the individual 
base/data transfer stations can be configured to receive 
and transmit only to preselected portable data systems, 
providing data and/or instructions pertinent only to 
those preselected portable data systems. 
[0047] The aforementioned radio transfer system is 
of particular benefit for tracking inventory contained in 
large enclosures. To facilitate communication in large 
enclosures filled with potential signal-blocking material, 
the base/transfer stations can be mounted on the ceiling 
as shown in Figure 7. Specific types of the inventory can 
be tracked using preselected base/data transfer sta- 
tions and/or preselected portable data systems. Data 
transfer from the base/data transfer stations to the cen- 
tral processor can be carried out on a multiplex basis, or 
using multiple transceivers located at the host computer 
810. 

[0048] The keyboard 33 is small enough to fit in one 
of the pockets 23 and is configured for one-handed 
operation. Figure 4 illustrates one example of the key- 
board set up for right handed operation. As shown, the 
keyboard includes two sections, 41 and 43. The large 
section 41 has four columns of keys, one column for 
operation by each finger of the right hand. The smaller 
section 43 has a single column of keys for operation by 
the thumb of the right hand. For left hand operation, the 
small section would be located at the opposite side of 
the large section 41. In the illustrated example, each 
column of keys in the large section 41 includes four 
input keys 45, and the section 43 has four input keys 47 
and an "ON/OFF" key 49 for controlling system power. 
The columns could include smaller or larger numbers of 
keys as appropriate for desired data input operations. 
The keyboard, however, should include relatively few 
keys as shown so that the operator can easily holster 
the keyboard 33 in the pocket 23. 

[0049] The input keys 45 are typically used for input 
of actual alphanumeric data. The alphanumeric value(s) 
assigned to each key, alone or in combination with one 
or more of the function keys 47, can be programmed 
into the data processor 31 and the keyboard 33. For 
example, repeated activation of one of the four function 
keys might cycle the keyboard 33 through a numeric 
mode and one or mare alphabetic modes. The numeric 
mode might emulate the number pad on a computer 
keyboard or on a calculator, and the alphabetic modes 
might emulate a segment of an alphabetic key set. For 
the operator's convenience, the LCD display may pro- 
vide an indication of the current keyboard mode. 



[0050] The other function keys 47 would permit the 
operator to program in a variety of special functions. For 
example, the system might be trained or programmed 
so that in certain modes each key represents a long 
5 string of alphabetic or control character inputs. The sys- 
tem may also recognize concurrent activation of plural 
keys (chording) to further extend the range of possible 
data inputs through the limited set of keys on keyboard 
33. 

10 [0051] As noted above, the keyboard is configured 
to allow one handed operation without its removal from 
pocket 23 in the belt 11. The cabling providing the 
power and signaling connections to the keyboard, how- 
ever, will be long enough and flexible enough to permit 

15 the operator to occasionally remove the keyboard from 
the pocket, hold it in one hand and operate it with the 
other. The cabling to the keyboard would be short 
enough and/or coiled to retract into and be stored in the 
pocket 23 with the keyboard. In the alternative, the key- 

20 board can be mounted on the same type of flip-out mod- 
ule as described with respect to the display. The 
keyboard can be de-activated when dosed into the mod- 
ule and activated by a microswitch when it is extended 
away from the module in a manner similar to that previ- 

25 ously described with respect to the display. 

[0052] A variety of known optical reading devices 
may serve as the scanner 37. One particularly advanta- 
geous type of reader is an optical scanner which scans 
a beam of light, such as a laser beam, across the indi- 

30 cia. Such laser scanner systems are generally designed 
to read indicia having parts of different light reflectivity, 
e.g., bar code symbols, particularly of the Universal 
Product Code (UPC) type, at a certain working or read- 
ing distance from a hand-held or stationary scanner. 

35 [0053] In a typical optical scanner system (not 
shown), a light source such as a laser generates a light 
beam which is optically modified to form a beam spot of 
a certain size at the working distance and is directed by 
optical components along a light path toward a bar code 

40 symbol located in the vicinity of the working distance for 
reflection from the symbol. An optical sensor or photo- 
detector having a field of view extending across and 
slightly past the symbol detects light of variable intensity 
reflected off the symbol and generates electrical signals 

45 indicative of the detected light. A scanning component 
is situated in the light path. The scanning component 
may either sweep the beam spot across the symbol and 
trace a scan line across and past the symbol, or scan 
the field of view of the photodetector, or do both. 

so [0054] A digitizer processes the analog signal to 
produce a pulse signal where the widths and spacings 
between the pulses correspond to the widths of the bars 
and the spacings between the bars. The digitizer serves 
as an edge detector or wave shaper circuit, and the 

55 threshold value set by the digitizer determines what 
points of the analog signal represent bar edges. The 
pulse signal from the digitizer is applied to a decoder. 
The decoder first determines the pulse widths and 
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spacings of the signal from the digitizer. The decoder 
then analyzes the widths and spacings to find and 
decode a legitimate bar code message. This includes 
analysis to recognize legitimate characters and 
sequences, as defined by the appropriate code stand- 
ard. This may also include an initial recognition of the 
particular standard the scanned symbol conforms to. 
This recognition of the standard is typically referred to 
as auto discrimination. Typically, the various decoder 
functions are performed by a microprocessor, with 
associated program memory and random access data 
memory. 

[0055] In a typical implementation of the portable 
data system shown in the drawings, the scanner would 
include at least the laser light source, the scanning com- 
ponent or other means for producing beam motion, and 
the photodetector. The digitizer and/or the microproces- 
sor decoder may be also elements of the scanner. In 
such a case, the scanner would provide digital data sig- 
nals to the data processor. Alternatively, the data proc- 
essor may perform the decoder function. In this later 
case, the digitizer may be in the scanner or the digitizer 
may be in the module housing 51. 
[0056] The cabling providing the power and signal- 
ing connections to the optical reading unit will be long 
enough to permit the operator to take the unit out of the 
pocket 22 and use the optical reading unit to scan a bar 
code or other indicia. The cabling to the optical reader 
unit should be short enough and/or coiled to retract into 
and be stored in the pocket 22 with the optical reading 
unit. If the optical reading unit is a moving spot scanner, 
such as a hand-held pistol-type scanner unit, the sys- 
tem operator would remove the optical scanner from its 
belt pocket 22 and point it at the indicia. The operator 
would then activate a manual electro-mechanical trigger 
switch (not shown) on the scanner to activate the scan- 
ner's light beam, the internal scanning motor, the photo- 
detector and the detector and decoder circuitry. 
[0057] In the alternative, the scanner can be trig- 
gered by an acoustic activation rather than by the elec- 
tro-mechanical trigger switch. The acoustic activation 
may come from a wireless acoustic trigger or an opera- 
tor's voice signals. The acoustic trigger would be posi- 
tioned in proximity to the scanner and be situated on an 
operator's finger for ease of triggering. Such wireless 
triggering enhances the flexibility of the distributed sys- 
tem to enable further system's ergonomic optimization. 
A typical acoustic voice activation system is illustrated in 
Fig. 6 and includes a microphone 71 which can be 
mounted in a variety of locations so as to pick up an 
audio command on the part of the operator. An amplifier 
72 receives the signal from the microphone and boosts 
it to a level suitable for analysis. Band pass filter 73, 
noise analyzer 76 and level detector 75 perform an 
analysis of the amplified signal from amplifier 72 to 
determine if a signal indicative of a preselected audio 
command has been amplified. The band pass filter 73 
selects frequencies within the command range while the 



noise analyzer 76 detects those frequencies outside of 
the desired range. Level detector 75 makes a determi- 
nation as to the sufficiency of the signal passed through 
band pass filter 73 as falling within the parameters of 

5 the predetermined command signal. If the required con- 
ditions are met, a trigger signal is output from level 
detector 75 activating the scanner. 
[0058] In another embodiment the scanner can be 
triggered by an optical trigger. The optical trigger 

w includes a photodetector which senses the presence, or 
absence of ambient light. As illustrated in Figure 16, a 
ring scanner 194 is positioned on top of an operator's 
finger 196, and includes scanning electronics 198 and 
an optical trigger section 204 which extends along the 

15 side of the finger. The trigger section includes a photo- 
detector 202 which senses the ambient light. The pho- 
todetector 202 is protected by an optically transmissive 
window 200. The operator triggers the scanner by plac- 
ing one of his other fingers over the window 200, thus 

20 blocking the ambient light from the photodetector 202. 
The electronic trigger circuitry associated with the pho- 
todetector senses the change in the amount of current 
flowing through the photodetector due to a change in 
the amount of light impinging onto the photodetector. 

25 Once the change in current is sensed, a signal is gener- 
ated to trigger the scanner. The trigger-associated cir- 
cuitry may include a monostable multi-vibrator to latch 
the trigger signal. In addition, the circuitry may include a 
threshold or Automatic Gain Control (AGC) circuit to 

30 enable the trigger to respond to a predetermined level of 
light, or absence thereof, as well as requiring the rate of 
change of impinging ambient light to pass a threshold 
before generating the trigger signal. 
[0059] In another embodiment, the photodetector is 

35 located further away from the scanner housing surface, 
for example, within the scanning electronics section 
198. In such case, an optical conduit (light pipe) is used 
to deliver the ambient light to the photodetector. In situ- 
ations when the scanner is to be used in both, the left- 

40 handed and the right-handed mode of operation, a sin- 
gle photodetector-trigger is used with two trigger sec- 
tions 204 extending along both sides of the finger. Each 
of the oppositely located trigger sections includes one 
optically transmissive window. A two-ended light-pipe is 

45 used to deliver the ambient light from each of the opti- 
cally transmissive windows onto the sensing photode- 
tector. 

[0060] In another embodiment, instead of an simple 
optical trigger switch, the scanner may use an optical- 

so array trigger. The optical array consists of a number of 
photodetectors arranged in a predetermined manner. 
Having the optical-array allows the detection circuitry to 
sense a specific type of finger movements, like pointing 
of a finger, not only a change in the light intensity across 

55 a single optical detector. This, in turn reduces a number 
or false triggering due to minor movements of the oper- 
ator fingers. 

[0061] In another embodiment the scanner may be 
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triggered by a radio frequency transmitting trigger. 
Because of the proximity of the trigger to the scanner 
(within a few feet) the transmitting power of the trigger is 
low, which in turn reduces the size of the battery 
required for powering up the trigger. 
[0062] Instead of a laser scanner, one may use a 
solid state imager, such as a CMOS or CCD imager. 
Two-dimensional solid state detecting devices are par- 
ticularly useful in imaging two-dimensional images, 
such a two-dimensional bar codes. Solid state imager 
differs from a laser scanner in that an imager illuminates 
the whole image being read and detects the optical 
energy reflected from the illuminated image. Thus there 
is no need to optically scan the image in a raster or 
other predetermined pattern, as done in case of a laser 
scanner. The detected optical energy is convened into 
electrical signals of varying amplitudes corresponding 
to the illuminated image. The circuitry inside the imager 
reads out the electrical signals and processes them 
accordingly. 

[0063] Another embodiment contemplated by the 
present invention is shown in Fig. 17. Fig. 17 depicts a 
wrist unit 210 having a scanner, or an imager, integrated 
within. The wrist unit of Fig. 17 also includes a touch 
screen display, a number of function keys, for example 
218a and 218b, and a scan/decode indicator 220. The 
scanner outputs a scanning beam 212 which is pro- 
jected toward a target. The scanner is triggered via 
wireless trigger 21 4 located on one of the operator's fin- 
gers, by the operator pressing a trigger button 217. The 
trigger could be an acoustic trigger, an radio frequency 
(RF) transmitting trigger, infra red (IR) transmitting trig- 
ger, or any other type of remote trigger which can be 
used to activate the scanner. The circuitry built into the 
trigger 214 is distributed in such a way as to minimize 
the size and profile of the trigger. The trigger and the 
wrist unit may use a flexible battery 215 which can be 
molded to fit a desired shape. One example of a flexible 
battery is as lithium polymer battery. In cases where two 
scanners for reading at different ranges, or for reading 
different types of indicia, are used in a single wrist unit, 
a trigger having two activation buttons may be used. 
Alternatively, a dual position button may also be used. 
The CPU unit may be integrated unto the wrist unit of 
Fig. 1 7, in which case the wrist/CPU combination would 
be called a control unit, or the CPU could be located on 
another part of the operator's body as part of the distrib- 
uted communication system. 

[0064] Alternatively, the optical reading unit may 
take the form of a contact or wand type device. In this 
case, the operator would turn on the data system, touch 
the tip of the wand to the surface on which the indicia 
appears and manually move the tip across the indicia. 
[0065] The present invention may use a variety of 
alternative forms of the moving spot optical scanners, or 
solid state imagers. For example, scanners have been 
proposed wherein the light beam source is located in a 
separate module. One or more optical fibers carry the 



light from the source to a scan head unit which includes 
optical elements for producing the scanning motion of 
the beam. Published European Patent Application No. 
264,956 discloses one example of such an optical code 

5 reader unit using an optical fiber. To adapt this approach 
to the optical reader in the present invention, the laser 
diode for producing the scanning beam would be 
located within the module 50. An optical fiber (not 
shown) would then connect the module 50 in Figure 2A 

10 to the scan head unit 37. The optical fiber would be 
sewn into a charnel of the belt or woven into the fabric of 
the belt, in a manner similar to that used for the various 
flexible cable type electrical connections discussed ear- 
lier. 

15 [0066] With the laser light source located in the 
module 50, additional fibers may be added for crying 
light therefrom to other parts of the harness for other 
purposes. In particular, the distal ends of a number of 
these additional fibers could extend out through the sur- 

20 face of the belt fabric at various points. The light emitted 
from the exposed distal ends of the fibers would be vis- 
ible to other persons looking at the person wearing the 
system harness. Because each fiber end emits a very 
narrow beam of light, however, the light visible from any 

25 given direction is limited. Light from different exposed 
fiber ends are visible only from different view points. As 
a result, when the person wearing the harness moves 
with respect to an observer, the visible light and/or the 
color thereof tends to change. This can provide a partic- 

30 ularly pleasing decorative effect and/or makes observ- 
ance of the person wearing the belt or harness easy at 
night or in other dark environments. 
[0067] The preferred embodiment includes two 
input means, the keyboard and the optical scanner. The 

35 portable data system may include other inputs, such as 
a mouse or joy stick, either in addition to the two input 
means used in the preferred embodiment or as a 
replacement for the keyboard and the scanner. As dis- 
closed above, typical scanning system comprises a 

40 scanning unit and a computer for processing data. The 
computer includes a CPU and an input/output ports, 
such as keyboard and a display. The computer can be 
further broken up into a CPU unit and an input/output 
(I/O) unit. The CPU unit can be made powerful enough 

45 to be able to process graphics and/or perform voice rec- 
ognition. 

[0068] Fig. 8 is a block diagram of an alternative 
embodiment of the present invention and illustrates a 
new ergonomic allocation of scanning system compo- 

50 nents on an operator's body. In such an embodiment the 
distributed system includes a CPU unit 94, an input/out- 
put(l/0) 90 unit and a scanning unit 92 communicating 
with each other over a Personal Area Network (PAN). 
The scanner can be a hand-held or a wearable scanner, 

55 such as a ring scanner manufactured by Symbol Tech- 
nologies. The ring scanner, which is worn on an opera- 
tor's finger, can communicate with the I/O unit over a 
wired cable or a wireless channel. The wireless channel 
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could be an RF or an infrared channel. The system can 
also use a "body area communication network" or 
Spectrum24 communication network manufactured by 
Symbol Technologies. In "body area communication 
network" the operator's body serves as a conduit for 
communication between the different system compo- 
nents. Other peripheral devices, such as printers, can 
be interconnected to the system to enhance its capabil- 
ities. In the preferred embodiment shown in Fig. 8, the 
three system components communicate over a wireless 
network. The scanner further includes a decoder, a 
short range RF transmitter, or transceiver, and a battery. 
The scanner communicates with the I/O unit 90 which is 
preferably worn on a wrist. The wrist I/O unit 90 includes 
a display, preferably a flat panel display, a keyboard, an 
RF transceiver and a battery. The present invention 
contemplates the use of thin-display technologies, such 
as the chip-on-glass technology used with some of the 
LCD displays. Placement on the LCD drive and 
processing electronics on the rear surface of the display 
reduces the overall display thickness, which in turn 
reduces the thickness of the wrist I/O unit. The wrist I/O 
unit 90 communicates with CPU unit 94 over a short 
range wireless channel. In order to improve the ergo- 
nomics of the system, the scanner 92 and the wrist I/O 
unit are made as light as possible. In order to better bal- 
ance the weight of the system components, the CPU 
unit 94 contains the heavy and bulky system elements 
and is therefore preferably worn on an operator's belt 
("harness"). The belt CPU unit can either be clipped 
onto a belt or have a belt attached to it and be worn as 
a "fanny pack". Other allocations of the CPU unit on the 
operator's body are also possible. Figures 10a through 
10h illustrate various views of the Belt CPU unit of the 
preset invention having a belt clip design. Reference 
numeral 140 represents a power switch and the refer- 
ence numeral 142 represents a number of various dis- 
play indicators. The unit can also have audible 
indicators. In an alternate embodiment, the system can 
be voice activated and/or controlled. The belt CPU unit 
94 includes a system central processing unit (micro- 
processor), a short range RF transceiver, a Long Range 
RF transceiver and a battery. The RF transceivers can 
use the resources of the microprocessor to control their 
operations. The power requirements of the CPU unit 94 
are typically greater then the power requirements of 
either the Wrist I/O unit 90 or the Scanner 92. Therefore 
the battery included with the Belt CPU unit 94 will typi- 
cally be larger then the batteries in the other two system 
components. This in turn would reduce the size and 
weight of the other two system components. In an alter- 
native embodiment the decoder can be moved out of 
the scanner 92 and placed in either the wrist I/O unit or 
the CPU unit. By efficiently distributing the system com- 
ponents on the operator's body, each of the individual 
components can then be optimized for its particular 
position. The system can also use flexible batteries, 
such as lithium polymer batteries, which can be opti- 



mized to fit a particular mechanical configuration and 
outline of the respective system components. 
[0069] Fig. 9a-g illustrate various embodiments of 
the wrist I/O unit of the present invention. Fig. 9a shows 

5 a unit having a touch screen 1 00 and a few control keys 
102 a-c. Fig. 9b shows a wrist I/O unit having a touch 
screen 1 04, a few control keys 1 06a-c, and a number of 
function keys 108. Fig. 9c illustrates is a wrist I/O unit 
having a touch screen 1 10, a few control keys 1 12a-c, 

w and a reduced number of function keys 114. Fig. 9d 
illustrates the wrist I/O unit of Fig. 9a with a reduced 
touch screen 116 and a few additional control keys 
118a-e. Fig. 9e illustrates a wrist I/O unit having a large 
number of both, the keys and the function keys. Fig. 9f 

15 illustrates a wrist I/O unit having combined function and 
control keys 120. Fig. 9g illustrates an expandable wrist 
unit providing for a large number of both, the control and 
the function keys. In an alternative embodiments, the 
wrist I/O unit can have a clam-shell design or a butterfly 

20 type of keypad which would unfold to the sides. Fig. 9h 
illustrates the top view of the wrist I/O units of Fig. 9a-h. 
As can be seen from Fig. 9a-h, depending on the appli- 
cation, a number of different wrist I/O unit designs are 
possible. In addition, the wrist unit may have a customer 

25 specific protective shell which could be modified for dif- 
ferent customers with relative ease. The shell could be 
made out of plastic or rubber material and would be a 
disposable wear item into which a standard wrist unit is 
inserted. Having a protective shell over the wrist unit in 

30 certain cases makes the unit less susceptible to shock a 
vibration, and provides customer specific ergonomic 
look-and-fit features. 

[0070] A bar code scanner, a wrist unit and a CPU 
unit can be distributed on an operator's body in such a 

35 way as to minimize fatigue and to enhance ergonomic 
comfort of the overall system. The wrist unit can receive 
operator inputs via a keypad, a touch screen or via a 
microphone. In addition to the three components listed 
above, the system may also include additional periph- 

40 eral components, such as a printer, a magnetic-stripe 
reader, PDA, cell-phone, etc. In certain configurations, 
the wrist unit and the CPU unit may be combined into a 
single control unit, which in itself may become a PDA, a 
cell phone or a portable PC. The system with its compo- 

45 nents distributed on an operator's body is called a Per- 
sonal Area System (PAS). 

[0071] Figure 1 1 depicts a block diagram of a PAS 
according to the preferred embodiment of the present 
invention. The system includes a CPU 94, a wrist unit 

so 1 52, a bar code reader 1 50 and a peripheral device 1 56. 
All of the PAS components communicate with each 
other via the CPU 94 using a set of wireless communi- 
cation links 154a, 154b, and 154c. These communica- 
tion links form a Personal Area Network (PAN). Because 

55 of the proximity of the system components to one 
another, the wireless communication channel can be a 
short range communication channel, such as a short 
range RF, Infrared, "body area" communication link, or 
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an acoustic communication link. In an alternative 
embodiments the system can be fully hard-wired or may 
contain a mix of wireless and hardwired devices. In 
another embodiment, the individual devices of a PAS 
may communicate directly with each other, instead of 5 
communicating through the CPU 94, as depicted in Fig- 
ure 11. Thus, the elements of the PAS can communi- 
cate with each other directly or through the CPU unit. 
The wrist unit 152 can have a display, a touch screen, a 
keyboard. In one embodiment, the wrist unit can have a 10 
tactile touch-screen overlay which would act as a key- 
pad. Because different customers may want to rear- 
range the touch-screen display to accommodate their 
applications, custom touch-screen overlays can be 
designed and made to fit over a standard touch-screen. 75 
In addition, the wrist unit can have a speaker and a 
microphone for enabling voice input into the system and 
voice outputs to the user. While the scanning function is 
accomplished by the bar code scanner, decoding of the 
scanned data can take place in either the bar code 2 o 
scanner, the wrist unit, or the CPU unit. In the former 
case, the scanner would transmit the decoded bar 
coded information to either the wrist unit or the CPU 
unit, while in the later case the scanner would transmit 
an undecoded digital representation of the bar code and 2 5 
the respective receiving unit, the wrist unit or the CPU 
unit, would perform the decoding. 
[0072] In a typical scanning system, where the wrist 
and the CPU units are combined into a single device, 
called the controller, bar code scanner sends unde- 30 
coded data to the controller. The controller decodes the 
data and transmits a decode acknowledgement signal 
back to the bar code scanner. The decode acknowl- 
edgement signal controls a decode indicator on the bar 
code scanner which signals to the operator, via a visual 35 
or an audio indication, that the bar code was success- 
fully decoded. In the case of a wireless bar code reader 
having a bi-directional communication link with the con- 
troller, the bar code scanner must include a transmitter 
and a receiver. The bi-directional communication link 40 
with the scanner can either be symmetric or asymmetric 
link. Typically the amount of date sent from the scanner 
to the controller is greater then the amount of date 
received by the scanner from the controller. Having 
asymmetrical communication link (high speed transmit- 45 
ter/low speed receiver) reduces the power consump- 
tion, complexity, cost, and size of the receiver in the 
scanner. 

[0073] In the case of a ring size scanner, where 
internal circuitry space is at a premium, it may be 50 
advantageous to eliminate the receiver and to only 
include a transmitter. In such a case the communication 
link with the scanner is one-directional, namely from the 
bar code scanner to the controller, the decode acknowl- 
edgement indicator has to be provided on a component 55 
other than the bar code scanner. The feedback to the 
user can be accomplished by any one, or combination, 
of the following options: turning on a visual indicator, a 



sound indicator, or a tactile indicator. Tactile ("vibrating") 
indicators are especially useful in a noisy environment 
or in systems where the visual indicator is located out of 
the operator's field of view. In a distributed wearable 
system of Fig. 8, the decode indicator can be position 
on either a wrist unit 90 or on a belt CPU unit 94. In case 
the bar code scanner does not have a receiver, it would 
have a scan timeout feature which would shut off the 
scanner after a predetermined period of time, regard- 
less of whether the bar code has been successfully 
decoded. 

[0074] Figure 12 illustrates an embodiment of the 
invention in which a number of PASs represented by ref- 
erence numerals 158a, 158b, 158c, 158d and 158e 
communicate with each other via a number wireless 
channels 157a, 157b, 157c, 157d, 157e, 157f and 157g. 
This network of PASs which are capable of communi- 
cating with each other is called a PAS cluster. Any one 
of the individual PASs of the PAS cluster can gain 
access to a device 159 connected on a LAN or a WAN 
network via an access point 160. In Figure 12, the 
device 159 is depicted as a server. The access point 
160 is connected to the LAN or the WAN. Communica- 
tion between the access point 160 and the PAS Cluster 
is accomplished using a wireless communication chan- 
nel 161. The channel 161 could be a long range com- 
munication channel, such a Spectrum24 
communication channel. Spectrum24 access points are 
manufactured by Symbol Technologies, the assignee of 
the present invention. 

[0075] Figure 13 depicts another embodiment of 
the PAS cluster. Individual PASs 164a, 164b and 164c, 
in order to communicate with each other must do so by 
transferring data through the access point 160, which 
acts as a central node of the PAS cluster, instead of 
communicating with each other either directly or 
through another PAS as illustrated in Figure 12. The 
access to the server 1 62 or any other device connected 
to a LAN, such as an Ethernet, or to a WAN, such as an 
Internet, is still accomplished by passing data through 
the access point 1 60. 

[0076] Figure 14 illustrates a block diagram of a 
multilevel network model. PAS cluster 166 is connected 
to the access point 160 via a wireless communication 
link 174. The access point 160 can communicate with 
another device 169 outside the PAS duster via a wire- 
less link 176. Both links 174 and 176 could be 
Spectrum24 communication links. The access point 1 60 
also serves to connect the PAS cluster 1 66 or the device 
1 69 to a LAN 1 75. A server 1 62 attached to the LAN 1 75 
can communicate with any of the devices associated 
with the access point 160. The LAN 175 may also be 
connected with a wide Area Network(WAN) 177 via a 
gateway 1 70. The gateway can be a network router or a 
switch. Thus, any device attached to the WAN can com- 
municate with any device attached to the LAN and in 
turn exchange data with the devices and PAS clusters 
associated with the access points. In Figure 14, a WAN 
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device 178 can communicate with the devices in the 
Public Telephone Network 172 over the WAN without 
using the gateway 170. However, the gateway connec- 
tion is used to interconnect the WAN device 1 78 with the 
server 1 62, PC 1 68, or the access point 1 60, all of which 
are attached to the LAN 1 75. If individual PAS include 
voice-to-data (packets) conversion feature, the respec- 
tive PAS users can voice communicate with the tele- 
phone users of the public telephone network 172. In 
order to achieve this, the voice signals are convened 
into digital data and this digital data is transmitted over 
the LAN and or WAN in their respective formats. For 
example the WAN data format may be an internet for- 
mat. Thus, voice signals can be transmitted over the 
internet protocol (Voice over IP). The server 162 could 
be connected to the WAN instead of the LAN. Yet, 
because the devices associated with the access point 
160 can communicate with the WAN devices, the indi- 
vidual PAS would still be capable of communicating with 
the server 162. When the scanner used is actually a 
two-dimensional imager, in addition to the voice signals, 
the system may convert optical image data detected by 
the imager to digital data signals and transmit the digi- 
tized video signals to a remote device, such the sewer 
162. The image may either be displayed, analyzed, or 
be stored for future use at the remote device. The server 
can be a database or a processing station, If the individ- 
ual PASs have voice-to-data or video-to-data conver- 
sion capability, the server could be used to perform 
automatic speech or image recognition. The server 
would process the data, recognize the voice command, 
or process the video image, and return the recognized 
command back to the wrist unit. In the alternative 
embodiment, automatic speech recognition may be 
done directly by one of the components of the individual 
PAS, such as the CPU 94, or the wrist unit 1 52 of Figure 
11. Automatic speech recognition enhances system's 
flexibility and provides user with a true hands free scan- 
ning and data entry operation. The individual PASs can 
have their own Internet addresses, and the CPU 94, or 
the wrist unit 152, could provide paging phone and other 
functions. Devices of the personal area systems can act 
as personal digital assistants (PDAs), portable termi- 
nals, cell-phones, pagers, lap-tops or any other devices 
which can be connected to the Ethernet and/or Internet. 
[0077] Figure 15 depicts an alternate embodiment 
of the Personal Area System of the present invention. 
The Personal Area System depicted in the Figure 15 
includes a CPU 180, a wrist unit 184 and a scanner or 
an imager (182). It should be pointed out that the scan- 
ner and the wrist unit can be worn on either hand to 
allow the user a dominant hand operation. A right- 
handed user may want to wear the scanner on his right 
hand and the wrist unit on his left hand. Another user 
may want to switch the location on the scanner and wrist 
units for his own comfort. The scanner is designed to be 
worn and triggered by either hand. The wrist unit can 
have a feature which would allow it to change the dis- 



played orientation of the text and graphics to accommo- 
date both, right and left handed operators. In addition, 
the operator is shown wearing a headset 192. The 
headset, which is also a part of the PAS, includes a 

5 speaker 188, a microphone 190 and an eyepiece dis- 
play 186 of the type disclosed in an article entitled 
"Inside Big Blue", authored by Steve Ditlea and pub- 
lished in the December 1998 issue of Popular Mechan- 
ics magazine. The eyepiece display is designed to be 

10 positioned in front of the operator's eye without interfer- 
ing with the operator's field of view. The unobtrusive 
eyepiece display includes a display chip and a magni- 
fier. Another type of an eyepiece display could be a pro- 
jection type display, where the information is projected 

is from the top, or the bottom of the eyepiece, onto a clear 
optical surface in front of the operator's eye. This way 
the operator's field of view would remain unabstracted 
during operation of the PAS. Alternatively, the system 
may incorporate display technology of the type used in 

20 a product called Eye-Trek, manufactured by Olympus 
Corporation. The headpiece would also include a trans- 
ceiver for communicating with other PAS devices. All the 
components communicate with each other via a Per- 
sonal Area Network. In addition, the above disclosed 

25 PAS can communicate with devices connected to the 
LAN or a WAN. The CPU 180, or the wrist unit 184, 
could run a Windows-CE or other operating system and 
allow voice recognition, as well as voice communication 
over the Internet. Present day technology allows 

30 increased integration of digital and radio-frequency 
components. Using the present day technology, a trans- 
ceiver capable of communicating voice of a particular 
network protocol, such as an Internet protocol, can be 
made to fit within approximately 2 square inches of chip 

35 surface area. The power consumption of such highly 
integrated circuit is greatly reduced, allowing for a 
smaller battery. Such minimum space requirement 
makes the headpiece a perfect device into which a com- 
munication module (phone) can be incorporated. The 

40 phone electronics may be integrated directly into an ear- 
piece. The battery is also mounted onto the headset. In 
order to make a phone call over a local or a wide area 
network, a user activates the phone module by pressing 
a specific function button on the headpiece or via a 

45 voice command. Dialing is accomplished via a voice 
connection to a server. A software on the server per- 
forms voice recognition. After turning on the unit, the 
user speaks the name or the phone number of the party 
with whom he wants to communicate. The server soft- 

50 ware converts the spoken words into an address and 
passes the information back to the phone. The phone 
module then initiates a call using any one of the neces- 
sary communication protocols, for example an H.323 
protocol. For a called party, a tone will be played indicat- 

55 ing an incoming call and the caller identified via a voice 
message. The called party may accept or reject the call 
by a voice prompt or by pressing an appropriate button 
on the device. It should be noted that the phone module 
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can also be integrated into a wrist or a CPU unit and its 
operation could still proceed as disclosed above. In 
cases where the PAS system includes an imager, the 
serve is able to provide image recognition function in 
addition to voice recognition function. 
[0078] The system capable of communicating voice 
data to another device could accommodate any one of 
four different types of voice operating applications. 
[0079] A first type of voice related application is 
called a "store and retrieve" application. In the "store 
and retrieve" application the user would record his voice 
message and store it in a data file on the wrist unit, the 
CPU, or a storage memory in the headpiece. The user 
would then send this file to another device on the local 
or wide area network, such as the Internet. This file 
could be sent to another user' voice mail for future 
retrieval. "Store and retrieve" system described above 
has been implemented in a device called PDT 7200, 
manufactured by Symbol Technologies, the assignee of 
the present invention. 

[0080] A second type of voice related application is 
a "telephony" type application. In this application, a user 
can establish a half or full duplex voice communication 
with another party over a local or a wide area network. 
The user's voice would be transmitted to the other party 
in a format suited for a particular communication net- 
work. For example, the user's voice can be digitized and 
transmitted over the Internet using Internet Protocol 
(Voice over IP). 

[0081] A third type of voice related application is a 
called a "voice response" application. In the voice 
response application, the system would provide voice 
feedback to the user during the user's operation of the 
PAS. For example, after the user scans a bar code, the 
system would respond to the user with a voice state- 
ment such as "The item's bar code has been decoded. 
Please pick up the item and place it in bin number 
three." Such voice response could be provided in paral- 
lel with putting the actual text on the display of the wrist 
unit or of the headpiece. The operator would then have 
a choice of either looking at the display or listening to 
the voice prompts. This type of system is well suited for 
pick-and-place warehouse applications. 
[0082] A forth type of voice related application is a 
called a "voice recognition" application. The user would 
speak into the microphone of the PAS system, the sys- 
tem would recognize the user commands and perform 
the requested function. 

[0083] Any one of the above voice-type applications 
could be combined with a manual entry-type applica- 
tion. For example, in one possible application of the 
above PAS system, an operator could either manually, 
or using a voice command entered into the system via a 
speaker 190, activate the scanner (imager) 182. The 
scanner would scan a bar code on an item, or take an 
image of the item. One of the PAS components would 
then decode the bar code. The decoded information or 
the image would then be sent to a server, or another 



device located on the LAN or a WAN. The server would 
process the received information and transmit a 
response data back to the PAS. The data received from 
the server may be displayed on the eyepiece display 

5 186, the wrist unit display 184, or it may be voice com- 
municated to the operator via a speaker 188. In addi- 
tion, the operator may request information from the 
server by establishing a network connection over a 
Spectrum24 channel and the Internet and entering his 

10 request through the microphone or a keyboard. 

[0084] In an alternative embodiment, the system 
will include a miniature voice-over-IP communication 
module and a voice recognition device. The communi- 
cation module can be designed into a headset or inte- 
rs grated into another body wearable device. The voice 
recognition device can be a network server or a body 
wearable unit. The system can recognize the user' 
audio commands and establish a communication chan- 
nel with another party. The channel will be established 

20 via a local or wide area network, such as the Internet. 
The voice data will be digitized and formatted to comply 
with the channel protocol before being sent out over the 
channel. The voice recognition feature allows the user 
to have a phone module providing hands free phone 

25 operation. 

[0085] The wrist unit may take the form of a watch. 
The CPU unit 180 may be combined with the wrist unit 
1 84 into a single device called a control unit. The control 
unit may be worn on the operator's belt or may be 

30 designed in the from of a watch. 

[0086] In another embodiment the wrist unit would 
have a personal computer type mouse-button, the actu- 
ation of which would control the position of a pointer of 
the headpiece display. 

35 [0087] The above PAS may be supplemented by a 
tactile force measuring device designed in the form of a 
glove and worn on an operator's hand. The device 
would include a strain (force) gauge sensor that would 
sense the amount of force exerted by the operator's 

40 hand in performing a certain task and convert the 
sensed value into an electrical signal. The device would 
measure the tactile force exerted by the operator in han- 
dling of an article, and communicate the tactile force 
information to the operator via a display, or a speaker, 

45 located either on a wrist unit or on the headpiece. The 
use of tactile force measuring device is especially bene- 
ficial in an environment, like an automotive shop, where 
a mechanic must apply a particular amount of force to 
manually tighten an automotive part. The PAS disclosed 

so above enables an operator to work in a truly "hands 
free" environment. 

[0088] A variety of additional modifications of the 
system described above will be apparent to readers 
who are skilled in the art, without departing from the 
55 spirit of the invention. 
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Claims 

1. A personal communication system adapted to be 
distributed on a user's body, said system compris- 
ing: 

an indicia reading device; 
an input device for entering user inputs into 
said system and providing user outputs from 
said system; and 

a central processing unit in communication with 
said indicia reading device and said input 
device, 

wherein communication between said central 
processing unit and said indicia reading device 
is accomplished over a wireless communica- 
tion channel. 

2. The personal communication system of claim 1 , fur- 
ther comprising a peripheral device in communica- 
tion with said central processing unit. 

3. The personal communication system of claim 1, 
wherein said indicia reading device is a laser scan- 
ner. 

4. The personal communication system of claim 3, 
wherein said indicia reading device is a CCD scan- 
ner. 

5. The personal communication system of claim 4, 
wherein said indicia reading device is a two-dimen- 
sional CCD scanner. 

6. The personal communication system of claim 1, 
wherein said indicia reading device is a solid state 
imager. 

7. The personal communication system of claim 6, 
wherein said solid state imager is a CMOS imager. 

8. The personal communication system of claim 6, 
wherein said solid state imager is a CCD imager. 

9. The personal communication system of claim 1, 
wherein said input device enables entry of voice 
commands. 

10. The personal communication system of claim 9, fur- 
ther including a remote server in communication 
with said central processing unit for enabling auto- 
matic speech recognition of said voice commands 
entered into said input device. 

11. The personal communication system of claim 10, 
wherein communication between said server and 
said central processing unit is accomplished using 
an internet communication protocol. 



12. The personal communication system of claim 1 , fur- 
ther including a remote server in communication 
with said central processing unit over an internet 
communication network for enabling speech recog- 

5 nition of a set of user's voice commands. 

13. The personal communication system of claim 1, 
wherein said indicia reading device and said input 
device are distributed on the same hand of the user. 

10 

14. The personal communication system of claim 
1, wherein said input device is adapted to be worn 
on the user's forearm. 

15 15. The personal communication system of claim 
1, wherein said indicia reading device is a scanner 
adapted to be worn on the user's finger. 

16. A personal communication system adapted to be 
20 distributed on a user's body, said system compris- 
ing: 

an indicia reading device; and 
a controller in wireless communication with 
25 said indicia reading device, said controller 

including 

i) an input unit for accepting entry of user 
input data and providing user output data; 

30 and 

ii) a processor for processing said user 
input and output data and for associating 
said indicia reading device with said con- 

35 troller. 

17. The personal communication system of claim 1 , fur- 
ther comprising a peripheral device in communica- 
tion with said controller. 

40 

18. The personal communication system of claim 16, 
wherein said indicia reading device is a laser scan- 
ner. 

45 19. The personal communication system of claim 18, 
wherein said indicia reading device is a CCD scan- 
ner. 

20. The personal communication system of claim 18, 
50 wherein said indicia reading device is a two-dimen- 
sional CCD scanner. 

21. The personal communication system of claim 16, 
wherein said indicia reading device is a solid state 

55 imager. 

22. The personal communication system of claim 21, 
wherein said solid state imager is a CMOS imager. 
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23. The personal communication system of claim 21, 
wherein said solid state imager is a CCD imager. 

24. The personal communication system of claim 16, 
wherein said controller enables entry of voice com- 
mands. 

25. The personal communication system of claim 24, 
further including a server in communication with 
said central processing unit for enabling automatic 
speech recognition of said voice commands 
entered into said controller. 

26. The personal communication system of claim 25, 
wherein communication between said server and 
said central processing unit is accomplished using 
an internet communication protocol. 

27. The personal communication system of claim 16, 
further including a server in communication with 
said central processing unit over an internet com- 
munication network for enabling speech recognition 
of user's voice commands. 

28. The personal communication system of claim 16, 
wherein said indicia reading device and said con- 
troller are distributed on the same band of the user. 

29. The personal communication system of claim 16, 
wherein said controller is adapted to be worn on the 
user's forearm. 

30. The personal communication system of claim 
16,wherein said indicia reading device is a scanner 
adapted to be worn on the user's finger. 

31. The personal communication system of claim 16, 
further comprising a wireless trigger for activation 
of said indicia reading device. 

32. The personal communication system of claim 31, 
wherein said wireless trigger is an acoustic trigger. 

33. The personal communication system of claim 32, 
wherein said acoustic trigger is actuated by the 
operators fingers. 

34. A communication system comprising: 

a) an indicia reading system distributed on an 
operator's body, said system including a data 
terminal and an indicia reading device in wire- 
less communication with said data terminal; 

b) a local area network; 

c) an access point connected to said local area 
network and in wireless communication with 



said indicia reading system; 

d) a gateway connected to said local area net- 
work; 

5 

e) a wide area network connected to said 
router and in communication with devices 
attached to said local area network via said 
gateway; and 

10 

f) a server attached to at least one of said local 
area network and said wide area network for 
providing information to said indicia reading 
system. 

15 

35. The communication system of claim 34, wherein 
said indicia reading system accepts voice data. 

36. The communication system of claim 34, wherein 
20 said server provides speech recognition of said 

voice data. 

37. The communication system of claim 34, wherein 
said indicia reading device is a laser scanner. 

25 

38. The communication system of claim 34, wherein 
said indicia reading device is a CCD scanner. 

39. The communication system of claim 38, wherein 
30 said CCD scanner is a two-dimensional CCD scan- 
ner. 

40. The communication system of claim 34, wherein 
said indicia reading device is a solid state imager. 

35 

41. The communication system of claim 40, wherein 
said solid state imager is a CCD imager. 

42. The communication system of claim 40, wherein 
40 said solid state imager is a CMOS imager. 

43. The personal communication system of claim 34, 
further comprising a wireless trigger for activating 
said indicia reading device. 

45 

44. The personal communication system of claim 43, 
wherein said wireless trigger is an acoustic trigger. 

45. The personal communication system of claim 44, 
so wherein said acoustic trigger is actuated by the 

operators fingers. 

46. A communication system comprising: 

55 a) a plurality of personal area systems, each 

one of said plurality of personal area systems 
including an indicia reading device and in wire- 
less communication with an at least one other 
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personal area system of said plurality of per- 
sonal area systems; 

b) a local area network; 

c) a server connected to said local area net- 
work; and 

e) an access point connected to said local area 
network for enabling communication between 
said server and at least one of said personal 
area systems. 

47. The indicia reading system of claim 46, wherein at 
least one of said personal area systems accommo- 
dates user voice inputs. 

48. The indicia reading system of claim 47, wherein 
said server provides speech recognition of the 
voice inputs accommodated by said at least one 
personal area system. 

49. The indicia reading system of claim 46, wherein 
said server provides image recognition of an image 
data detected by said indicia reading device. 

50. The personal communication system of claim 46, 
further comprising a wireless trigger for activating 
said indicia reading device. 

51. The personal communication system of claim 50, 
wherein said wireless trigger is an acoustic trigger. 

52. The personal communication system of claim 51, 
wherein said acoustic trigger is actuated by the 
operator's fingers. 

53. A communication system comprising: 

a) an indicia reading system distributed on an 
operator's body, said indicia reading system 
including a data terminal and an indicia reading 
device in wireless communication with said 
data terminal; 

b) a local area communication network; 

c) an access point connected to said local area 
communication network, said access point 
enabling wireless communication with said at 
indicia reading system; 

d) a gateway connected to said local area net- 
work; 

e) a wide areas network connected to said 
gateway and in communication, via said gate- 
way, with devices attached to said local area 
network; and 

f) a unit attached to at least one of said local 



area network and said wide area network, 
exchanging data with said data terminal using 
internet communication protocol. 

5 54. The communication system of claim 53, wherein 
said exchanged data includes voice data. 

55. The communication system of claim 54, wherein 
said exchanged data includes video data. 

10 

56. The communication system of claim 53, further 
comprising a wireless trigger for activating said indi- 
cia reading device. 

15 57. The communication system of claim 56, wherein 
said wireless trigger is an acoustic trigger. 

58. The communication system of claim 57, wherein 
said acoustic trigger is actuated by the operator's 

20 fingers. 

59. A personal communication system adapted to be 
distributed on a user's body, said system compris- 
ing: 

25 

an indicia reading device for detecting optical 
information; 

a wireless trigger for activating said indicia 
30 reading device; and 

a controller in wireless communication with 
said indicia reading device, said controller 
including 

35 

i) an input unit for accepting entry of user 
input data and providing user output data; 
and 

ii) a processor for processing said user 
40 input and output data and for associating 

said indicia reading device with said con- 
troller. 

60. A personal communication system adapted to be 
45 distributed on a user's body, said system compris- 
ing: 

an indicia reading device; 

50 a wrist unit for entering user inputs into said 

system and providing user outputs from said 
system; 

a headpiece unit including a display, a speaker 
55 and a microphone for enabling audio and video 

communication; and 

a central processing unit in communication with 
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said indicia reading device, said headpiece unit 
and said wrist unit, 

wherein communication between said central 
processing unit and said indicia reading device 
is accomplished over a wireless communica- 
tion channel. 

61. A personal communication system of claim 60, 
wherein said headpiece unit further includes a wire- 
less transceiver for communicating with said central 
processing unit. 

62. A personal communication system of claim 60 fur- 
ther including a tactile sensor for measuring tactile 
force and communicating a result of said measure- 
ment to the user, wherein said tactile sensor is 
located on the uses's hand. 

63. A personal communication system of claim 60, 
wherein said display is a miniature display which 
allows the user to received video information with- 
out fully blocking the user's field of view. 

64. A personal communication system of claim 63, 
wherein said display is a single eyepiece display. 

65. A personal communication system of claim 60, 
wherein said display includes a projection type dis- 
play-chip technology. 

66. A personal communication system of claim 60, 
wherein audio communication is a store-and- 
retrieve type audio communication. 

67. A personal communication system of claim 60, 
wherein audio communication is a telephony type 
audio communication. 

68. A personal communication system of claim 60, 
wherein audio communication is a voice response 
type audio communication. 

69. A personal communication system of claim 60, 
wherein audio communication is a voice recognition 
type audio communication. 

70. A personal audio communication system compris- 
ing: 

a voice recognition device for associating an 
audio input with a corresponding digital data; 

a personal device worn by the user for commu- 
nicating voice information to a remote party 
over a digital communication network, said per- 
sonal device including 

a) a speaker; 



b) a microphone; and 

c) a voice communication module operably 
connected to said voice recognition device, 
for accepting a user's voice input via said 

5 microphone, establishing communication 

with the remote party and providing an 
audio output to said user via said speaker. 

71. The personal audio communication system of claim 
10 70, wherein said voice recognition device is a 

server attached to said digital communication net- 
work. 

72. The personal audio communication system of claim 
15 70, wherein said voice recognition device is a body 

wearable unit located on the user's body. 

73. The personal audio communication system of claim 
70, wherein said personal device is headset worn 

20 by the user. 

74. The personal audio communication system of claim 
70, wherein said headset further includes a function 
key for initiating voice communication via said 

25 headset. 

75. The personal audio communication system of claim 
70, wherein said voice communication module 
includes an application specific integrated circuit. 

30 

76. The personal audio communication system of claim 
75, wherein said application specific integrated cir- 
cuit has an area of less then about two square 
inches. 

35 

77. The personal audio communication system of claim 
70, further including an imager. 

78. The personal audio communication system of claim 
40 77, wherein said voice recognition device also com- 
prises an image recognition module for recognizing 
contents of an optical image. 

79. A method of establishing communications with a 
45 remote party, said method comprising the steps of: 

a) providing audio input into a voice-communi- 
cation module; 

so b) converting said audio input into an electrical 

signal; 

c) transmitting said electrical signal to a voice 
recognition device; 

55 

d) associating said electrical signal with a set of 
corresponding data, said set of corresponding 
data including at least a network address of the 
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remote party; 

e) transmitting said network address back to 
said voice-communication module; and 

f) establishing a communication channel with 
the remote party located at said network 
address. 



80. The method of claim 80, wherein said voice-corn- 10 
munication module allows hands free operation by 
being integrated into a headpiece worn by a user. 

81. The method of claim 81, wherein said communica- 
tion channel is an internet communication channel. 15 
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(57) A portable data input or computer system in- 
cludes an input/output device such as a keyboard and 
a display, another data input device such as an optical 
bar code scanner, and a data processor module. To 
scan bar code type indicia, the operator points the scan- 
ner at the bar code and triggers the scanner to read the 
indicia. All the system components are distributed on an 
operator's body and together form a personal area sys- 
tem (PAS). Components may include a scanner or im- 
ager, a wrist unit a headpiece including an eyepiece dis- 
play, speaker and a microphone. Components within a 
particular PAS communicate with each other over a per- 
sonal area network (PAN). Individual PASs may be com- 
bined into a network of PASs called a PAS cluster. PASs 
in a particular PAS cluster can communicate with each 
other over another wireless communication channel. In- 
dividual PAS can gain access to a Local Area Network 
(LAN) and/or a Wide Area Network (WAN) via an access 
point. Individual PASs can use devices, such as servers 
and PCs situated either on the LAN or the WAN to re- 
trieve and exchange information. Individual PAS com- 



ponents can provide automatic speech and image rec- 
ognition. PAS components may also act a telephone, a 
pager, or any other communication device having ac- 
cess to a LAN or a WAN. Transmission of digitized voice 
and/or video data can be achieved over an Internet link. 
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